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Ȑᝲ୫ȑ
୿ȲȽɞᝓឧᝲျɁഫኳǽ16
ź৙ឧᝲƋǽᝓឧᝲȞɜ᛻ȲୣɁႆ਽ź
ᦣǽజǽצǽձ
ջաࠎޙ᪋۾ޙّ᪨୫ԇޙ᥂
ᛵǽǽ஖
ǽటኲᴥୣޙኲᴦȻඒኲᴥ࿎ျޙኲᴦȾɢȲɝ৙ឧᝲɥࠕᩒȬɞǿȈʬʘȰɁɕɁȺȕɞɽʒȉ
ɥ᚜းȬɞ᜘᝙Ɂᩒ઒ɥᄻ઩Ȭ୿࿎᠎˿ᏲɂᴩछུɁȦȻȽȟɜᴩ৙ឧɕ࿎᠎ᝲᄑ᛻٥Ȟɜᐎ
ߔȪȹəȢǿɕȴɠɦȰɟɂᴩि఼Ɂ࿎᠎᤬Ы˿ᏲȺɂȽȗǿ৙ឧȻȗșюᜊɥॎࣄȪȲך࿎
ᝲɁ᛾ཟȞɜસțɞᝁɒȺȕɞǿəțȾȰɟɂюᄑך࿎ᝲȻ֣ɦȺɕɛȗǿȰɁํɟȺᴩҰኲ
ȞɜୣޙȻȗșఊɕ઄៎ᄑȽ᜘᝙Ɂʬʘԇɥ᣹ɔȹȠȲȟᴩటኲȺɂᴩ৙ឧȾɛɞୣɁюᄑႆ
਽ɥᝲȫɞǿȦɟɑȺȈୣțɞȉȻȗȶȲ۶ႜɋɁ৞ᜁՕख़Ȟɜᝢ஥ȨɟȟȴȺȕȶȲୣɁᠭ
ໃɥᴩጠዩȾюᄑȽ৙ឧɁᄉႆȻ᥾ɀȹᡀȸȤᴩɕȶȹ৙ឧ˿ͶɁȈʬʘȰɁɕɁȺȕɞɽʒȉ
ɥ᚜းȮɦȻȬɞǿȨɜȾȰȦȞɜᴩ፷ȺɂȽȢฯȻȪȹɁ޴ୣЅᴩȰȪȹᴩ৙ឧᴺ஽ᩖȻȗ
șʐ˂ʆɥ૬ᇉȪᴩᒲႏ৙ॖȻ࿎ျᄑขްᝲɁᄾгȽȼɁю᥂ˁ۶᥂ᴩ˿ᜊˁ޵ᜊɥɔȣɞɬ
ʧʴɬȾᴩඒኲȾȷȽȟɞख़ኌɥႊ৙Ȭɞǿ
ɷ˂ʹ˂ʓᴷ৙ឧᴩ஽ᩖᴩୣɁႆ਽ᴩюᄑך࿎ᝲ
Building a new epistemic logic 16
On consciousness IźThe genesis of numbers considered from an epistemic viewpointź
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፳᜘
ǽటᝲɂȈ୿ȲȽɞᝓឧᝲျɁഫኳȉʁʴ˂ʄɁቼ16ኲȾछȲɞǿһᭉȾȈ৙ឧᝲƋȉȻᧇੜȶȲȟᴩ
ኂᐐɂటᝲᴥୣޙኲᴦȻඒɁቼ17ኲᴥ࿎ျޙኲᴦȺᴩᝓឧᝲᄑȾ᛻Ȳ৙ឧᝲɥࠕᩒȪɛșȻᄻᝲɦ
Ⱥȗɞǿటʁʴ˂ʄɁȦȦୣኲȺᴩ୿࿎᠎˿ᏲɁջɁɕȻᴩȈʬʘȰɁɕɁȺȕɞɽʒȉɥ᚜းȬɞ
᜘᝙ɥᣜ෰ȪȹȠȲȟᴩȰɟɂ׎ޙȾȝȤɞሥࢳɁʒʞʍɹᴩ॑ᡵᝲȾߦȬɞኂᐐȞɜɁᜓኌɁᝁɒ
ȺɕȕȶȲǿȈ॑ȉɁ᝙ɝȟȲȨɂᴩᛵɂᴩʬʘɥ۶᥂Ȟɜ૫ȢȦȻɥी৙ȻȬɞ᜘᝙Ɂ࿑ॴȾಏࢃ
ȪȹȗɞɁȺȕȶȹᴩȰɟɂȈᇹᒲᡵȉȻȗșʬʘȰɁɕɁȾȷȗȹ᝙ɞȻȠɕպ୽ȺȕɞǿᇹȞɜ
ᄉȮɜɟɞ᜘ᕹɂȗȶȲɦᇹɁ۶ȾҋȹᴩȰɟȞɜᇹȾ࢜ȶȹȢɞǿȰɁȻȠ࿎᠎ɥ᝙ɞɁȻպറȾᴩ
᜘ᕹɂᇹɁ᚜ᬂȾႡɑɜȩɞɥțȽȗǿȰɁಏໃᄑҤጙȟᴩ۶᥂ȞɜɁ᝙ɝȺȦȻᠴɟɝȻȨɟɞȈ࿎
᠎ᄑȽʬʘȉȻᤏȶȹᴩȦɁᇹɁю᥂Ⱦ࿎᠎ȻɂႱȽɞͷȞɥ৊ްȨȮɞǿȰɟȟȈ॑ȉȻ֣Ƀɟȹ
ȠȲɕɁȺȕɞǿəțȾ෰ɔɜɟɞɁɂᴩʬʘɥ۶Ȟɜ᝙ɞ᜘᝙ȺɂȽȢᴩȈʬʘȰɁɕɁȺȕɞɽʒȉ
ɥ᝙ɞ᜘᝙ȺȕɞǿȦɁȕȲɝɁȦȻɥ΍Ⱦɛȶȹɮʫ˂ʂَȺ᚜Ȫȹɒɛșǿ
َ±
ǽ᝙ɝȟȲȗɁɂᴩͷɕȈ॑ȉȾ᪅ȶȲȦȻȺɂȽȗǿȈʬʘȰɁɕɁȺȕɞɽʒȉȟ᝙ɝȟȲȗɁ
ȺȕɞǿȰɟɂ᜘ᕹȟᄽ૚ᚐȠछȲɞߦ៎ɥȦɁکնધȲȽȗȞɜȺȕɞǿəțȾᴩ୿ȲȽɞᝓឧᝲ
ȾȝȤɞ॑ᡵᝲɂᴩ৙ឧȽȠ࿎᠎Ȼ৙ឧȕɞɢɟɢɟɁ॑ɥ٥ፖȠȺ᝙ɟɞɕɁȺȽȢȹɂȽɜȽȗǿ
ȰșȺȽȗ᪅ɝᴩȗȷɑȺɕ৙ឧɥ࿑ҝ᛾ȪᴩɢɟɢɟɁސ٣ɥ࿎᠎ȻґȤ᪣ȹȹᐎțȹȪɑșǿȰ
șȪȲ᜘᝙ɥ᛻ҋȬ૘෰ɁˢඬȻȪȹᴩȦɁᇹɁ৙ឧȻለȨɟɞюᄑ˰ႜɥॎࣄȪȹ࿎᠎ᄑȽɕɁȻ
᛻ȽȬݎӯȟ॒ᛵȻȽȶȹȢɞǿȦȦȞɜᴩ୿࿎᠎˿Ᏺɂюᄑך࿎ᝲȻ֣Ɇ૰țȹɕɛȗǿȰɟɂȴɚ
șȼᴩ۶ႜɁ࿎᠎˰ႜɁސ٣ɥჀȶȹᴩюᬂɁȈɢɟȉɁᆬȞȨȾ࿎᠎ȻɂᤏșȈͷȞȉɥᝓɔȲʑ
ɵʵʒȻɂඩՕߦɁ஁տȺȕɞǿय͏ऻᴩভɑȪȗ॑ᡵᝲɂ׎ޙႜɁ˹ȾటಐᄑȽʒʞʍɹȻȪȹް
ᅔȪȲǿȲȳኂᐐɂᴩး͍९৊Ⱦ᛻ɜɟɞȧȻȢयɥˢ஁ᄑȾ੧ҜȪɛșȻɂ९ɢȽȗǿɓȪɠц৞
ȬɞȻȦɠ۾ȽɁȺȕɞǿयɕयȽɝȾюᄑ᜘᝙ɥ૘ȶȹȗȲȻ९ɢɟɞȞɜȳǿȝȦȟɑȪȗȟᴩ
ᇼޙᄑᅺ᛻Ɂɑȳ̈ȪȞȶȲᴥȰɁᄉࠕɁаᬝɥȷȤȲˢ̷ȟʑɵʵʒȺȕȶȲᴦछ஽Ⱦȕȶȹɂᴩ
۶ႜɁ࿎᠎˰ႜȻȦɁюᬂɁ৙ឧ˰ႜȟҝɕɁȾ஭ȶȹɕᒵȪ஁ȽȞȶȲȺȕȶȲɠșȻ৊ЅȨɟ
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ɞǿ̾ɗᴩȰɁȈ॑ȉɥ۶᥂Ȟɜ࿎᠎ᄑȾᝢ஥ȪȹȢɟɞᇼޙᄑ᜘ᝢɂҋȰɠȗȷȷȕɞȟᴩȰșȪ
Ȳ࿎᠎᤬Ы˿ᏲɁ᪅ႜȾȷȗȹɂȬȺȾ᜘ՒȪȲ 1ᴦǿȦɁаᇼޙȟȼɟɎȼᄉࠕȪɛșȟරɝፖȤɞ
ᴥȺȕɠșᴦȈ॑ȉɁ᝙ɝȟȲȨɥ੝ઝȬɞȾɂᴩю᥂ȞɜȈʬʘȰɁɕɁȺȕɞɽʒȉɥ᝙ɟɞ᜘᝙
ɥᩒᄉȬɞ॒ᛵȟȕɞɁȺȕɞǿ
ǽȰɁᝁɒɁȲȲȠիȻȪȹఊծᐋȻȽɞɁȟᴩୣޙɁ᜘᝙ȺȕɞȦȻɂ͏ҰȞɜᝲȫȹȠȲ 2ᴦǿୣ
ޙɂ۶᥂ȾͷɕщͶᄑȽ઩ᇉߦ៎ɥધȲȽȗఊɕ઄៎ᄑȽ᜘᝙ȺȕɞəțȾᴩȰɁᄉႆɂɎȻɦȼю
ᄑȽɕɁȻ৊ЅȺȠɞȞɜȺȕɞǿȰɁᡅ፷ȺҰሟȺɂ 3ᴦᴩᛓጨࢲᬂɥᝓឧᝲᄑഫᣲȞɜᜓ᥺ȬɞȦ
ȻȾભ੉ȪȲǿటሟȺɂᴩɛɝಏటᄑȽᝲᭉȻȪȹᴩୣɁႆ਽ɥᝓឧᝲɁ᛾࣋ȞɜॎࣄȪȹюᜊᄑȾ
ᝲȫɛșǿȻȗșɁɕᴩि఼ɁୣɁᠭໃᝲȺɂᴩȈୣțɞȉȦȻɗȈᪿնȉȽȼᴩ۶ႜɁߦ៎ɥɕȻ
ȾୣɁᄉႆɥᡀȸȤɞᝲᐎɃȞɝȺȕȶȲȞɜȺȕɞǿୣޙȟюᄑ᜘᝙ȺȕɞȻȗșȞɜȾɂᴩȰɁ
ᄉႆໃɥɢɟɢɟɁᝓឧю᥂Ⱦ෰ɔȽȤɟɃȽɜȽȗǿȰɟɂ৙ឧȰɁɕɁȻ᥾ȽɞՁқୣޙ᜘᝙Ȼ
ɕȗșɌȠɕɁȺᴩɢɟɢɟȟޙಇȺᮛɟᜆȪɦȺȗɞୣޙ᜘᝙ȻɂढৰɁᤏșɕɁȻȽɠșǿȦɁ
ȕȲɝɁȦȻɂᴩ᜛አൡȻᑲɥ෗ᢎȪȲʟɳʽˁʘɮʨʽɁඒɁ᜘ᕹȟᇉדȾߋɓǿ
ȈᴥƂᴦɢȲȪȲȴȟୣޙɥ᝙ɞȻȠȾɂᴩ˹౗ᇘጽȟးȾႊȗȹȗɞˢඒ᜘᝙Ɂ˨ȾഫኳȨɟȲ̝ඒ
᜘᝙Ⱦȷȗȹ᝙ȶȹȗɞɁȞɕȪɟȽȗǿȪȲȟȶȹᴩ˹౗ᇘጽȟ޴᪨ȾΈȶȹȗɞୣޙᄑ᜘᝙ȕɞ
ȗɂᝲျᄑ᜘᝙ȟͷȺȕɞȞɥ᛻഍ɔɞȻȗșᜊཟȾ቏ȷȻᴩᇹȲȴɁୣޙɁ۶ढɂፏߦᄑȽ᥾ᛵॴ
ɥધȲȽȗǿȉ4ᴦ
ȦȦȾȗșȈˢඒ᜘᝙ȉȦȰᴩȈʬʘȰɁɕɁȺȕɞɽʒȉɥ᝙ɞ᜘᝙ȺȕɞȻᴩኂᐐɂᐎțɞɁȺȕɞǿ
৙ឧȰɁɕɁȞɜᡀȸȤɞୣɁႆ਽
ǽȬȺȾҰሟȺૡȥȲȟ 5ᴦᴩᒲࢄ৙ឧɁژటɮʫ˂ʂَȻᴩȰɟɥ઄៎ԇȪȲഫᣲَɥѓૡȪȹȝȦ
șǿȻȗșɁɕᴩَ2Ȟɜَ3ɋɁ۰૰ᤈሌɥᝊጯȾᡀȸȤɞȦȻȾɛȶȹᴩୣɁᝓឧᝲᄑюᄑႆ਽
ɥျᝲԇȬɞȦȻȟȺȠɞȞɜȺȕɞǿ
ǽَ2Ɂ৙֞ɥዊԨȾȝȨɜȗȬɞȻᴩ͏˩ɁȧȻȢȺȕɞǿఊқȾސ٣ȟȕɝᴩȰȦȾ৙ឧȟᓾႆ
țɞᴥȰɟɥႆɓᇘጽʁʃʐʪȻɁᩜΡɂඒሟɁȈ࿎ျޙኲȉȺᣖɌɞᴦǿ৙ឧȻɂͷȞɁᴥఊқɁ
ȰɟɂȈސ٣ȉɁᴦ৙ឧȺȕɝᴩȰɟɂུ॒ᄑȾࠈ੔ᄑȽɕɁȺȕɞǿȰȦȞɜȈȕȴɜȉȻȈȦȴ
ɜȉɁ2᛾ཟȾɛɞሳᩖᄑ৙ឧȟ቏ȴȕȟɝᴩȨɜȾ᣹ԇȬɞȻᴩȰɁ᛾፷Ɂ̬ɢɞȻȦɠȾፋˢᄑ
Ƚᒲࢄ৙ឧȟ਽቏ȬɞǿȰɁᒲࢄ৙ឧɁ1᛾ཟȞɜᝓឧȨɟȲɁȟᴩᒲࢄȾɛɞး޴ᄑ˰ႜЅȺȕɞǿ
ȦȦȾɂᴩ̝ȷɁͅᐐ᛾፷ȻˢȷɁᒲࢄ᛾፷ȞɜȽɞᴩɢɟɢɟɥ՘ɝٍɓ3ඒЫሳᩖɥᣵ৊ȨȮɞ
3ȻȗșୣȟݎɥးȪȹȗɞǿᝓឧ˰ႜɁ˹ȺᒲࢄȾߦ࠶Ȭɞɵɰʽʉ˂ʛ˂ʒɁͅᐐɥоɟɞȻᴩ
஽ᩖɥֆɔȲ4ඒЫ஽ሳȞǿ޴ɂୣɂᴩᝓឧᝲᄑȾɂ4ɑȺȟژᄷȺȕȶȹ 6ᴦᴩȕȻɂՕेۄࢥɁႇ
࿎ȻȗȶȹɛȗǿȰȪȹᴩȦɁȦȻɥျᜓȬɞɁȾಐܧɁകॡȟᴩඒЫȽɁȺȕɞǿȗɗɓȪɠᴩȦ
ɁȦȻȟඒЫȻȗșകॡɥႆɦȺȗɞȻȗȶȹɛȗǿ
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ǽඒЫȻɂᴩዊԨȾȗȶȹȪɑțɃᴩሳᩖሉӦɁժᑤॴɁୣȺȕɞǿཟ˨ɂሉӦɁͺ٥ȟȽȗȞɜ0
ඒЫᴩ፷˨ɂࡿծȺ1ඒЫᴩᬂ˨ɂȰɟȾӏțȹҰऻȺ2ඒЫᴩ቏Ͷ˨ɂȨɜȾ˨˩ɥӏțȹ3ඒЫ
ȻȗșɢȤȳȟᴩ3ඒЫސ٣ȺȕɞɢɟɢɟɂᴩȰɟɥ՘ɝࢊȢ4ඒЫሳᩖȻȗșɕɁɥщͶᄑȾɮ
ʫ˂ʂȬɞȦȻȟȺȠȽȗǿȰɟɂሳᩖȻɂᤏș஽ᩖȻȗșढȺᴩ࿎ျޙᄑȾɂ4ඒЫ஽ሳȻȪȹп
ͶɂӿજȨɟɞᴥᝊጯɂඒሟȈ࿎ျޙኲȉȺᴦǿඒЫɥ੥ȶȲୣޙంȾɂ4ඒЫሳᩖَȽɞɕɁȟᢐȶ
ȹȗɞȟᴩɗɂɝȼșȾɕஓࢠ৞ᜁȺɮʫ˂ʂȪȸɜȗɁɂᴩ஽ᩖȻȗșɕɁɁૢɒȼȦɠɁȽȨȾ
ɛȶȹȗɞȺȕɠșǿኂᐐɂ͏ҰȾ஽ᩖɥᴩ3ඒЫሳᩖȟސ٣ȬɞکȺȕɞ4ඒЫɥɢɟɢɟ3ඒЫ
ސ٣ȟࠈ੔ᄑȾᅺᜁȬɞढȺȕɞȻͱᏚȸȤȲȟ 7ᴦᴩ̾وȰɟɥᡍɑțᴩ2ඒЫَȺȕɞَ2ɥ3ඒЫ
َȾછएȪᴩȨɜȾȰȦȾ஽ᩖȻȪȹးɟɞ4ඒЫሳᩖɥ͇ӏȪȲɮʫ˂ʂَɥ͏˩Ⱦૡȥȹɒɛșǿ
ᜓᝢȬɞȻᴩ2ඒЫَȺɂґȞɝȸɜȗȟᴩ3᛾፷ɂᄽ̬ȪȹȝɝᴩᅓҰȾးҋȪȲ቏஁ͶɁߦᜏ፷
˨Ⱦɵɰʽʉ˂ʛ˂ʒȻȪȹɁͅᐐȟȗɞǿȰɟɂ˰ႜюȾȝȤɞȈȕȴɜȉɁ᛾፷ɁՕ஭Ⱥȕɝᴩ
छུȈȦȴɜȉɁ᛾፷ɂᑔऻȾȕɞǿॗɟȹȽɜȽȗɁɂᴩɢɟɢɟɁ᛾᥿ɂɎɏ180āȺҰᬂȾ᪅
ɜɟȹȗɞȦȻȳǿ360ā˰ႜȾٍɑɟȲᒲґɥ৊ЅȪȹɕᴩȰɁষ௑ɁᑔऻȟࢠȾȕɞǿȦɁȈȕ
َ´
ź 96 ź
ջաࠎޙ᪋۾ޙᝲᪿ
ȴɜȉȻȈȦȴɜȉɂ˰ႜюɁᄼཟɁɛșȽɕɁȺᴥȰɟȟᒲࢄɁ᝙ɝᫍȨᴩ᝙ɝᠴɜȽȨȾȷȽȟȶ
ȹȗɞᴦᴩௐ෉ɂ෥ȾȻɔȽȗȟᴩᝓ ឧᝲᄑ᛾ཟȺᅒɔɞȻᴩȦɟȟߦ៎Ȼ˿ᜊɥፀɉ፷Ⱦᄽ̬ȬɞȈʬ
ʘȰɁɕɁȺȕɞɽʒȉȻȪȹ๙ȞɆȕȟȶȹȢɞɁȺȕɞǿȨɜȾᴩȦɁȈȕȴɜȉȻȈȦȴɜȉ
ɂِްȪȲɕɁȺɂȽȗǿ᛾፷ɂᑔऻȾտȤɞȦȻȟȺȠɞɛșȾᴩɢɟɢɟɂፏțȭȈȕȴɜȉᴥ޵ᜊᴦ
ȻȈȦȴɜȉᴥ˿ᜊᴦɁᩖɥᚐȠ఼ȪȹȗɞǿȰɟȟ஽ᩖ৞ᜁɥႆɓǿ4ඒЫሳᩖȻɂᴩ3ඒЫ቏஁Ͷ
ȾˢཟȺᄽ̬Ȭɞᢉ˨Ⱦ3ඒЫ቏஁Ͷȟ᥾ȽɝնșȦȻȽȢ˶ɦȺȗɞб௑ȻȪȹɓɝɗɝɮʫ˂ʂ
ȺȠɞȟᴥȰɟɥɢɟɢɟɂ஽ᩖюɁࢲᚐሉӦȻȪȹ৞ᅺȬɞᴦᴩȰɟɥȈȕȴɜȉȻȈȦȴɜȉɁ
2቏஁ͶᩖɁऱ᤬ȻȪȹᴩԡɃሳᩖᄑȾᴩԡɃ஽ᩖᄑȾ᚜းȪȲɁȟȦɁَȺȕɞǿȦɁ஽ᩖႆ਽Ɂ
ʫɵʕʄʪɥᴩوᢆȬɞ2яɁᤆӦȻȪȹ૫ȗȲɁȟᴩҰሟȾɕૡȥȲ˩ ᴥَȦɁَɂඒሟȈ࿎ျޙኲȉ
ȺɁژటَȻȽɞ̙ްᴦȺȕɞ 8ᴦǿႭհ1ᴩ2ȟȈȕȴɜȉȻȈȦȴɜȉȾछȲɝᴩ૚ཟ3ȟȈᒲࢄȉᴩ
፷4ȟȈ஽ᩖȉȾȽɞǿ
َµ
ȦȦȞɜَ3ɋɁ۰૰ᤈሌɂᴩȬȺȾҰሟȺ᜔ɟȲǿȴȽɒȾᴩȦɟɜɁَɥᴩ3ඒЫሳᩖюȾᄻȾ
᛻țȿ஽ᩖȟ๽ȁȻํɟȹȗɞȻȗșᣮࢠɁᒲࢄ˰ႜЅȾᐊಘȪȹ૫ȗȹɒɞȻᴩᒲࢄɁ᝙ɝȟȲȨ
ᴥɽɽʷȻ֣ɃɟɞɕɁᴦȟɛȢґȞɞᴥَ6Վྃᴦǿ
ǽ޴፷ȟʬʘȻȪȹɁᒲࢄȺȕɝᴩཟ፷ȟȰɁю᥂˰ႜȺȕɞȟᴩɢɟɢɟȟᒲࢄȾȝȗȹᄻȾȪȹ
ȗɞɁɂऻᐐȺȕɞǿȰɟȟȰɁ˹Ⱥᒲࢄɥ᝙ɠșȻȬɞکնᴩ̾࣊ɂ۶᥂ȟᄻȾ஭ɝᴩю᥂ɂӿɒ
᪫ȨɟȲͷȞណɔȗȲɕɁȻȽɞǿȰșȪȲʬʘȻȪȹɁᒲࢄɥᒲࢄ˰ႜюȾސ٣ȮȪɔȹȗɞɁ
ȟᴩю᥂˰ႜȻ૚ཟȺፅɒնȶȲ۶᥂Ȳɞᴥཎᓨཟ፷яɁᴦͅ ᐐ᛾፷Ⱥȕɞǿَɥ᛻ȹґȞɞɛșȾᴩ
˵ᐐɂպټᩜΡȾȕɞǿəțȾᴩ˵ᐐɂɢɟɢɟɁ˹ȺፏțȭՕᢆɥᎱɝᣌȪȹȗɞɁȺȕɞǿࢼͷ
ޙᄑ෗؀ɥΈșȻᴩᝓឧɂю᥂Ȼ۶᥂ȟɅȻȷȽȟɝɁɹʳɮʽɁ۫ɁɛșȽഫᣲȺᴩᣮࢠ९ɢɟȹ
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ȗɞȻȦɠɁю᥂˰ႜᴩ۶᥂˰ႜɁԖҝɂሱ഍ᄑȾɂȽȠȾኄȪȗǿᬂᄌȗȦȻȾᴩɹʳɮʽɁ۫ɂ
2ඒЫ௽ᬂȾɛɞഫᣲ࿎ȳȟᴩ3ඒЫሳᩖȺɂ਽቏Ȫțȭᴩސ٣ȬɞȾɂ4ඒЫሳᩖȟ॒ᛵȺȕɞǿ2
ඒЫɁ፤ᒒࢲᬂȾ஭ɞɢɟɢɟɁ3ඒЫᄑᒲࢄ˰ႜɕᴩͅᐐȻȗș۶᥂ɥӏțȲ4ඒЫሳᩖюȺ቏ȴ
ȕȟɝᴩю᥂Ȼ۶᥂ɥ᎒൐ȾጽɔȣɞȗɢɃȈᤆӦഫᣲȉɥ਽ȪȹȗɞɁȺȕɞǿ
ǽȦɁ৙ឧюɁऱ᤬ᤆӦȟщͶᄑȾୣɥႆɒҋȬᤈሌɥᣜȶȹɒɛșǿఊқɂ1ȻȪȹɁՁқɁސ٣
ȟȕɞǿȰȦȾᴥސ٣Ɂᴦ৙ឧȟᓾႆțᴩȈȕȴɜȉȻȈȦȴɜȉɁࠈ੔৞ᜁȟႆȫɞᴥސ٣৙ឧɁ᝖ႆᴩ
2ᴦǿඒȾᴩȈȕȴɜȉȻȈȦȴɜȉɁہႜ፷ȟ˵᛾፷Ɂ̬ՑȾɛɝ৙ឧȨɟɞᴥᒲࢄ৙ឧɁ᝖ႆᴩ3ᴦǿ
ȨɜȾᴩȰɁہႜ፷ȟ৙ឧȨɟɞȦȻȺѓɆࠈ੔ॴȟႆȫᴩȰɟɂ̝ȷȾґȤɜɟɞᴥߦኄȽ2ᐐɁ
ߦ࠶ᴺ޵ᜊ˰ႜɁ᝖ႆᴩ4ᴦǿ͏ऻɂȦɁᤈሌɁՕेȺȕɞǿ৙ឧɂސ٣ɥґȤᴩȰɁہႜ፷ɥ৙ឧȬ
ɞȦȻȺ୿ȲȽސ٣Ɂ৙ឧȻȰɟɥѓɆґȤɞہႜ፷ȟӏɢȶȹəȢǿґȞɝɗȬȢَᇉȪȹɒɛșǿ
َ¶
1
ᴥ1Ƭ1ᴦ
Ƭ1
2
2Ƭ2
Ƭ2
3
3Ƭ3
Ƭ3
4
4Ƭ4
Ƭ4
5
5Ƭ5
Ƭ5
َ·
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ǽȦșȪȹɒɞȻᴩϭୣȻɂࢥ0Ɂہႜ፷Ⱦɛȶȹ٫ኄȾߦለᄑȾґȤɜɟȲ˰ႜᴥᒲࢄȽȠ޵ᜊ˰
ႜᴦȺᴩ܋ୣȻɂࢥɥધȶȲہႜ፷ȟӏɢɞȦȻȺпͶɁߦለॴȟࡓɟȲ˰ႜᴥᒲࢄȕɞ˿ᜊ˰ႜᴦ
ȻȗțɞǿȰȪȹᴩȦɁہႜ፷ȟࢥɥધȷȦȻȻ̝ȷȾґȤɜɟɞȦȻɂᴩ৙ឧȨɟɞȦȻȾɛȶȹ
Ɏɏպ஽ȾᚐɢɟɞɁȺȕɞǿȞȢȪȹ৙ឧͽႊȾɛȶȹୣɂඒȁȻۄ඾ȪȹəȢɁȺȕɞȟᴩژట
ୣȻȽɞɁɂᴩɢɟɢɟɁᝓឧ˰ႜɥഫ਽ȬɞඒЫୣȺȕɞ4ɑȺȺȕɞǿ5͏˨ɂ਽቏ȪȲ˰ႜɁ
ጯґԇȾɛɞ۹ЫԇȺȕɞǿ0ȟࢥɁȽȗہႜ፷Ɂ৙ȺȕɞȦȻɂᴩȬȺȾ͏ҰɁሟȺᝲᣖȪȲ 9ᴦǿ
ǽَɁ˩Ⱦ͇˫ȪȲୣȾȷȗȹᜓᝢȪɛșǿ1෉ᄻɂᴩɕȴɠɦґҾȨɟȲ᥂ґȟ᚜ȬᒲུୣȺȕɞǿ
ՁқɁސ٣ɂ৙ឧȾɛɝᴩՙጀԶɁȧȻȢґҾȨɟȹəȢǿ
ǽ2෉ᄻɂᴩኂᐐȟȞɀȹɛɝ૬כȪȹȗɞߦୣᄑᒲུୣɁࣄȺȕɞǿஒސɁ˰ႜɂ1ɥఊߴԨͱȻ
Ȭɞӏአᄑᪿն˰ႜȺȕɞȟᴩȰɁᝓឧᝲᄑᄉႆȾɂ˪ᆬްȽࣄȾɛɞ̋አȟȕɞȦȻɥᴩኂᐐɂ˿
एȪȹȠȲǿȰɟɂܿɑɝȟᴩ2Ƭ2ᴺ1.41421356Ƃǽ3Ƭ3ᴺ1.44224957Ƃǽ4Ƭ4ᴺ1.41421356ƂȻȽȶȹᴩ
͏ऻȼɦȼɦ1ȾᣋȸȗȹəȢȟᴩ1ȾɛɞӏአȞɜഫ਽ȨɟȲᣮࢠɁᫌୠᄑ˰ႜȻɂᤏȶȹᴩյ᥂
ґɁፅɒնȗɁ࣊նȗɥᇉȬᣵፖᄑ˰ႜɥ᚜ҋȪȹȗɞǿ3Ƭ3ȟȦɁୣҚȺఊ۾ȺȕɞɁɂᴩ˰ႜɥ
ፋˢᄑȾ᛻ɞᒲࢄ৙ឧɁ᝖ႆɥ᚜ȪȹȗɞȞɜȺȕɠșǿ4Ƭ4͏᪃ɂȰȦȾ஭ɞȗɢəɞ޵ᜊ˰ႜȺᴩ
ጯґԇᴩ۹ЫԇɁᤈሌɥጽȹəȢǿȰɟɂɗȟȹ഍᪅Ⱥȕɞི᪅ȾȗȲɝ1ȻȽɝᴩᫌୠᄑӏአ˰ႜ
ɁՁཟɥႆɒҋȬᴥəțȾᴩఊқɁ 1Ƭ1ȟɵʍɽȾȢȢɜɟȹȗɞɁɂᴩఝȳژటԨͱɁ1ȻȽȶȹ
ȗȽȗȦȻɥ᚜ȬᴦǿȻպ஽ȾᴩᒲུୣпͶɕȦɁȻȠးҋȨɟɞǿȰɟɂི᪅ȾȗȲɞᤈሌȺȰɟ
ɜȬɌȹȟးɟɞȻȗș৙֞ȻᴩƮƬƮɂȗȞȽɞᒲུୣȺɕժᑤȳȻȗș৙֞ȺȺȕɞᴥ഍᪅Ȼɂ1
ȻƮȟኄȪȢȽɞ٥ཟȻȗȶȹɛȗᴦǿȞȢȪȹ1ɥࣄȻȪȹȺȠȲᫌୠᄑӏአ˰ႜȾȝȗȹɂᴩȰ
ɁɎȞɁᒲུୣɕࣄȻȽɝșɞȕɜəɞߦୣ˰ႜɁඒЫȟᩒȤȹȢɞɁȺȕɞǿȦɟɂᛵȬɞȾᴩᝓ
ឧɁಏࣄȾȕɞʣɷ̋کɁᴩᝓឧ˰ႜȾȝȤɞՕ஭ȺȕɞȻȗțɛșǿᒲུߦୣɁࣄeȻȗȶȲིျ
ୣɁސ٣ɂᴩȰɁɂȩᩖȾ᚜ɢɟȲ຅ܝɁɛșȾኂᐐȾɂ஭ɞᴥeɁᝓឧᝲᄑ৙֞նȗȾȷȗȹɂҰ
ሟȺߵȪ᜔ɟȲ10ᴦᴦߦୣȻɂᴩᫌୠᄑȽᒲུୣɁՁқɁፅɒщնɥລɞʬʘɿʁȽɁȺȕɞǿि఼ɛ
ɝ૬ᇉȪȹȠȲᴥ1ᴦɁʣɷ̋کɥɕȻȾ૫ȢȻᴩඒɁɛșȾȽɠșȞǿ
ǽ
40 1 2 3 4ƂƂ
30 1 2 3 4ƂƂ
20 1 2 3 4ƂƂ
10 1 2 3 4ƂƂ
ᴥ1ᴦąᴥ1ᴦąᴥ1ᴦąᴥ1ᴦąᴥ1ᴦąƂƂᴺ1
Ƃ
Ƃ
Ȧɟɂᝓឧᝲᄑ᛻٥ȞɜȬɞȻᴩߦୣ˰ႜȻȗȶȹɛȗഫᣲȺȕɞǿ
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ǽ3෉ᄻɂᴩյඒЫሳᩖɁߦᜏ፷ɁᩋȨȺȕɞǿȰɟɂᝓឧᝲᄑȾɂᴩ˰ႜюȾȝȤɞͅᐐȻɁᠾᫌ
ɥ᚜Ȭǿ4ඒЫሳᩖᴥ޵ᜊ˰ႜᴦȺȰɁᠾᫌɂ2ȻȽɝᴩߦ࠶Ȭɞ2ጸɁᒲࢄˁͅᐐȻȗșژటᩜΡ
ȟ਽቏ȬɞǿȕȻɂ˰ႜȟۄࢥȬɞȾȷɟᴩȰɁᠾᫌɂࢿȟȶȹəȢɢȤȺȕɞǿ
ǽȞɛșȾᴩඒЫȻȗșകॡȺᝓឧɁژటഫَɥ᛻ɞȻᴩȗɠȗɠȻျᜓȪɗȬȗǿȈȕȴɜȉȻȈȦ
ȴɜȉɁͅᐐ᛾፷Ȼᒲࢄ᛾፷Ɂ3ᐐȟᄽ̬ᩜΡȾȕɞɁɕᴩȰȦȞɜșȽȭȤɞǿඒЫᩖɁᩜΡȺɂᴩ
ᵫඒЫɁ୽ᬂَȟᵫź1ඒЫȻȽɞǿ፷Ɂ୽ᬂȟཟȺȕɝᴩᬂɁ୽ᬂȟ፷Ⱥȕɝᴩ቏ͶɁ୽ᬂȟᬂȺ
ȕɞɛșȾǿȰșȬɞȻᴩ4ඒЫɁ୽ᬂَȟ3ඒЫȻȗșȦȻȾȽɞǿ୽፷Ȼ୽ᬂَɁᩜΡɂᴩҒɞ
஁տȻ᛻ɞ஁տɁᩜΡȺȕɞǿȰɟɂᄽ̬ȪȹȗɞǿᒲࢄˁͅᐐɁᎥɝȽȬ4ඒЫሳᩖȾऀȞɟȲͅ
ᐐ᛾፷Ɂ୽፷ȟҒɝҋȬ୽ᬂَȟᴩᒲࢄ᛾፷ȟᅒɔȹȗɞȦɁ3ඒЫሳᩖȺȕɞǿȰɁȲɔᴩȰȦȺ
ɂᒲࢄȾߦ࠶ȬɞɕɁᴥȕȴɜᴦȻȪȹͅᐐȟ቏ȴးɟɞȟᴩպ஽ȾᒲࢄɂࢠȾᑔऻɁͅᐐȈȦȴɜȉ
ɥ఍Ȫȹȗȹᴥ୽ᬂَȾԴȪȹȗșȻᴩ˵ ᐐȟȰɟȱɟࡿծȞɜȰɟɥҒɝҋȬ୽፷ȻȽȶȹȗɞᴦᴩ
ᒲࢄ᛾፷ɂፏțȭȰɁᩖɥऱ᤬ȬɞǿȰɟȟᴩ4ඒЫሳᩖɥᴥሳᩖȽɜȿȗɢɃ˪ީпȽढȺᴦ৞ᅺ
Ȭɞ஽ᩖ৞ᜁȻȽɞǿȦɁऱ᤬ɂᴩᝓឧ˨Ɂ஽ሳฯȻɕ֣ɆșɞɕɁȺᴩ᫖ᆯฯɁɛșȾᄽ̬Ȭɞͅ
ᐐ᛾፷Ȼᒲࢄ᛾፷ȟሳᩖȻ஽ᩖɥႆɒҋȪȽȟɜᒲᄉȪȹȗɞǿȰșȪȲ৙֞ȺᴩᝓឧᝲᄑȾɂީፀ
ȪȲഫᣲȺȕɞǿୣޙᄑȾɂᴩᵫඒЫȟސ٣ȬɞȲɔȾɂȰɁکȻȽɞᵫᴨ1ඒЫȟ॒ᛵȻȽɝᴩඒ
Ыɂི᪅ȾࢿȟȶȹəȢᴥȦɟȟୣɥഫ਽ȪȹȗɞȻȗȶȹɕɛȗᴦǿȪȞȪᴩᝓឧ˨ɂᴩȦɁ஽ሳ
ฯɁ˹Ⱥ˰ႜɂ਽቏ȪȹȗɞɁȺȕɞǿ
ǽȦɁ஽ሳฯʬʑʵȺ᛻ɞȻᴩ஽ᩖȻሳᩖɁ࿑ॴȟɛȢျᜓȺȠɞǿ˵ᐐɁᕻȪȗᤏȗɂᴩሳᩖȟп
஁տȺȕɞɁȾߦȪᴩ஽ᩖɂˢ஁տȺȕɞȦȻȳǿȦɟɂȈȕȴɜȉȻȈȦȴɜȉɁ2ͅᐐ᛾፷Ɂ̬
ՑཟȺȕɞᒲࢄ᛾ཟȾȝȤɞ˵ᐐɁํҋȻํоɥ᚜Ȭᴥَ4ՎྃᴦǿዊႩَȾȬɞȻᴩඒɁɛșȾȽɞǿ
َ¸
ሳᩖᴥп஁տᴩᒲࢄɁŽ۶᥂žᴦ ஽ᩖᴥƂ஁տᴩᒲࢄɁŽю᥂žᴦ
ȨɜȾȦɟɥَ5Ɂ஽ᩖႆ਽ɁʫɵʕʄʪȾ᥾ɀȹɒɛșǿ
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َ¹
ཟ3ᴥᒲࢄᴦȾᪿ˹Ȭɞͅᐐ᛾፷ɁᤆӦɂᴩ90āᄽ̬஁տȾ஽ᩖȻȪȹઃȪҋȨɟɞǿȰɟȟŽɢȲȪž
Ɂ᛻ȹȗɞ˰ႜȺȕɞǿ஽ᩖȟˢ஁տᴥ˪ժᣡᴦȺȕɞɁɂᴩ3ඒЫ୽ᬂَɥҒɝҋȬͅᐐ᛾፷ȟᴥᆬ
လᄑȾȗȶȹɕᴦպȫȺɂȕɝțȽȗȞɜȳǿȰɟɂࢠȾᤏȶȲᬂɥҒɝҋȬǿȰȪȹᴩްཟȺȕɞ
ᒲࢄɂขȪȹպȫᬂɥȨȞɁɏɞȻȗșȦȻɂȺȠȽȗǿȞɛșȾᴩሳᩖᴩ஽ᩖ˵َȟฯੜȷɛșȾ
ᤆӦȪȹȗɞɁȟ஽ሳฯȺȕɝᴩɢɟɢɟɁᒲࢄ᛾ཟȟ᛻ɞ˰ႜɥးҋȮȪɔȹȗɞɕɁȺȕɞǿ
ǽȺɂඒȾᴩȦɁฯȻȗșᜊཟȞɜᝓឧᝲᄑȽୣɁႆ਽ɥ᛻ȹəȦșǿ
²᛾፷̬ՑᴺฯȻȪȹ᛻ɞୣɁႆ਽
ǽَ3Ɂ2᛾፷ɂȨɑȩɑȽ̬ཟɥَ˨Ⱦ૫ȗȹȗɞǿȦɁَȟᛓጨࢲᬂɁᝓឧᝲᄑᜓ᥺َȺȕɞȦ
ȻɂᴩҰሟȺᣖɌȲ 11ᴦǿȬɞȻᴩ2᛾፷Ɂ̬ཟɂյᛓጨୣɥ᚜ȪȹȗɞȦȻȾȽɞǿȰȪȹᴩ2᛾ཟ
ȞɜኄᠾᫌȾፀɃɟȲ̬ཟȟᴩ޴ୣ፷ᴩȬȽɢȴᴩᝓឧᝲᄑȾɂᒲࢄᴥȝɛɆᒲࢄɁ᛻ɞ˰ႜᴦȺȕ
ɞǿȦșȪȲᜊཟȞɜյሗɁୣɥ᛻ȹəȦșǿ
ǽᒲུୣȝɛɆ఍ျୣɂ޴ୣ፷˨ȾཟȻȪȹࢎᏚȺȠɞǿȦɟɂᴩ2ͅᐐ᛾፷ȟȈȕȴɜȉȻȈȦȴ
ɜȉȞɜኄᠾᫌȺ̬ՑȪȲཟȻȪȹ᛻ȹɛȗǿץᭉɂᴩᠯᠰୣɁɛșȾʞʽʧɮʽʒȺࢎᏚȺȠȽȗ
ୣɥֆɓིျୣȳǿȰɟɜɂ఍ျୣɁི᪅ጥୣᴥི᪅ȾፖȢ᛼ҬᄑȽᠴȪአᴦɁ഍᪅ϏȻȪȹ᚜Ȩɟ
ɞȟᴩᝓឧᝲᄑ᛾ཟȾȦȳɢɟɃᴩȈཟȟᪿɑɝȹ፷ɥȽȬȉȻȗșᪿնᝲɁژటျॡȾᩜɢɞᴥᣵ
ፖͶ͑ᝢɁɛșȽᴦɬʧʴɬȾᣮȫɞǿᛵȬɞȾᴩୣ țɜɟɞᴥࢎᏚȺȠɞᴦᪿնȻᴩୣ țɜɟȽȗᴥࢎ
ᏚȺȠȽȗᴦᪿնɁᩖɁ୥նॴɥᴩ޴ୣ፷˨ȺȼșȷȤɞȞȻȗșץᭉȺȕɞǿȦɟɥటᝲɁᡅ፷Ⱦ
ȪȲȟȶȹᜓขȪɛșȻȬɞȻᴩ፷ɥฯȻᐎțɟɃɛȗȻȗșಘȾəȠȷȢǿฯȻɂࢥɁȕɞɕɁȳ
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ᴥᣡȾࢥȟȽȤɟɃฯȺɂȽȗᴦǿ޴ୣ፷ɂފጯȾ᛻ɞȻᴩᄽ፷ȺɂȽȢጯȞȢฯੜȶȹȗɞȻȬɞɁ
Ⱥȕɞǿིျୣɂᴩ఍ျୣɁɛșȾ޴ୣ፷˨ȺɇȶȲɝ2᛾፷ȟ̬ՑȬɞɁȺɂȽȢᴩߵȪ̬ཟȟȭ
ɟȹȗɞǿ࿁஁Ɂ᛾፷ɥِްȪȹɕș࿁஁Ɂ᛾፷Ⱥȭɟɥ᚜ȪȲɁȟᴩƬ2ɁɛșȽ͍ୣᄑིျୣȺᴥཟ
፷Ⱥ᚜ȨɟȲ᛾፷Ɂ޴ୣཟȟ͍ୣࣻɁᜓɥ᚜ȪᴩȰȦȾ޴፷Ⱥȕɞ఍ျୣȟᣋȸȗȹəȢᴦᴩ˵᛾፷
Ⱥȭɟɥ᚜ȪȲɁȟĮɁɛșȽᠯᠰୣȻɮʫ˂ʂȺȠɛșȞᴥ˵᛾፷ȟȻȾȞȢȕɞཟȾտȞȶȹ
ᣋȸȗȹəȢᴦǿَᇉȪȹɒɛșǿ
َ±°
˹෉ɁَɂᴩฯȻȪȹ᛻ȲȰɟȱɟɁୣɁɮʫ˂ʂȺȕɞǿ఍ျୣɂฯɥ໿٣ᄑȽɕɁȻȪȹᴥȰɁ
Ȳɔཟ፷Ⱥ᚜Ȩɟȹȗɞᴦ᚜቏ȶȹᐎਁȪȽȗǿəțȾ˵ብȾིျୣȻȗșᪧᩖɥધȶȹȗɞǿ͍ୣ
ᄑིျୣɂԡɃฯɥ՘ɝоɟᴩᠯᠰୣȾȗȲȶȹ޴ୣɂީпȾฯȻȽɞǿ˨෉Ɂᄽ፷ɁَȻᴩ޴፷ᴩ
ཟ፷ɁᩜΡȟᣡȾȽȶȹȗɞȦȻȾႡ৙ȪȹɕɜȗȲȗǿȰɟɂᄽ፷ᴩฯ፷ɁȼȴɜȟകॡȻȪȹᰚ
஥Ⱦ஭ȶȹȗɞȞȻȗșȦȻɥ᚜Ȫȹȗɞǿ୽ɞɑȺɕȽȗȟᴩ޴ୣ፷ȽɞɕɁȟɬʡʴɴʴȾȕɞ
ɁȺɂȽȗǿ˵᛾፷Ɂኄᠾ̬ᫌՑȾɛɝ޴ୣ፷ᴥ޴ɂฯᴦȟ๙ȞɆȕȟɞɁȺȕɞǿ˨َɥ᛻ɟɃᴩ
ᠯᠰୣȟ޴ୣ፷Ɂ۾ԡɥԬɔȹȗɞȦȻȟɮʫ˂ʂȺȠɛșǿَ3ɂ˵᛾፷ɁʳʽʊʪȽ̬ՑȾ຿ȴ
ȹȗɞɁȺȕȶȹᴩ˵᛾፷ȟኄᠾᫌȺ̬ՑȬɞȽȼɂɓȪɠሊȽɁȺȕɞ 12ᴦᴥɑȲᴩȦɁȭɟȟᝓឧ
˨Ɂ஽ᩖɁํɟɥઃȪҋȪȹȗɞȻȗțɞǿୣޙɁ˰ႜᒲͶȟི஽ᩖȽɁɂᴩȰɟȟ஽ᩖႆ਽Ɂഫَ
ȰɁɕɁɥ᚜ɢȪȹȗɞȞɜȳɠșᴦǿ
ǽȺɂᴩȰɁȭɟɂȼɁሌ࣊ɑȺ޴ୣ፷˨Ⱦ֋ՖȺȠɞɁȺȕɠșǿȕɑɝȭɟᴥฯɁᯚȨᴦȟ۾Ƞ
ȗȻᴩᘑୣᬻڒᴥͅᐐᬻڒᴦȾоȶȹȪɑșǿᒲࢄ˰ႜᴥ޴ୣᬻڒᴦȟίȲɟɞɁɂᴩȼɁሌ࣊Ɂ፷
Ɂ܀ȨȽɁȞǿȰɁኌțɥᇉדȪȹȢɟɞɁȟᴩ͏ҰంȗȲ޴ୣ᪡෉ȻȗșɬɮʑɬȺȕɞ 13ᴦǿȦɟ
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ɂ1Ȼȗș෉ࢥȟᴩߦୣᄑᒲུୣɁࣄȞɜ1ɥऀȗȲୣᴥȬȽɢȴᴩ2Ƭ2ᴪ1ᴺ0.41421356Ƃᴩ3Ƭ3ᴪ1
ᴺ0.44224957ƂᴦɁ෉ࢃȺ᪡෉࿡Ⱦ˶ɦȺȗɞȻȗș޴ୣ፷Ɂҝɮʫ˂ʂȺȕȶȲǿ̾وɁ޴ୣฯ
ɂȰɁᄉࠕढȻȗȶȹɛȗȟᴩฯɁᯚȨɂ˩َȾᇉȬɛșȾᴩȦɁ޴ୣ᪡෉Ɂ෉ࢃȾՖɑɞɕɁȻᐎ
țȹɛȗȺȕɠșǿˢȷ୽ȶȹȝȞɀɃȽɜȽȗȟᴩȦɁ᪡෉ɥِްȪȲ᫽ᄑȽɕɁȻસțɞȻᴩȰ
ɁᯚȨɂ෉ࢃɁն᜛ᴥኂᐐɂȰɟȟȼɦȽୣȾȽɞȞґȞɜȽȗᴦȻȽɞȟᴩȰșȺɂȽȢᴩȦɁ᪡
෉ɂୣɁۄ඾ႆ਽ɥ᚜ɢȬӦᄑȽฯȻȪȹࡿծȾͩɆȹȗɞɁȺȕɞǿ
َ±±
ୣޙᄑȾɂȰɟɂ᜛አȪɗȬȗᄽ፷ȾȽɜȨɟȹȪɑșȟ 14ᴦᴩᝓឧᝲᄑȾȈȕȴɜȉȻȈȦȴɜȉɁ
˵᛾፷Ɂ̬ՑȟᎥɝȽȬጯȞȽฯȻસțɞȦȻȾɛȶȹᴩཟȻ፷ᴩᫌୠȻᣵፖɥɔȣɞୣޙɁሥࢳɁ
ᫍᭉɂᜓኌɁጓՠɥ᛻ҋȮɞɁȺȕɞǿɑȲᴩᝓឧᝲᄑȾɂᴩȦɁળɝࢥȟᒲࢄպˢॴɁާް࣊ɥί
ᜳȪȹȗɞȻȗțɞǿȰɟɂᴩ˵ ͅᐐ᛾ཟᴥᵦ ᴩᴪᵦ ᴦȞɜɎɏኄᠾᫌɁኰٍȾՖɑɝᦍɝնȶȹȗɞǿ
ǽఊऻȾᴩୣȻฯȻȗțɃ९ȗᠭȦȬȺȕɠșʟ˂ʴɲጥୣȾȷȗȹˢ᜘ȪȹȝȠȲȗǿʟʳʽʃɁ
ୣޙᐐʟ˂ʴɲɂᴩȬɌȹɁᴥȺɂȽȞȶȲȟᴦᩜ ୣɥ˧ᜏᩜୣᴩȬȽɢȴsineᴥඩईฯᴦȻcosineᴥͺ
ईฯᴦɁ֪Ⱥ᚜ȮɞȻᐎțȲǿयɂྒͤ߳Ɂറފɥ᚜ȬȲɔȾȦɁጥୣɁࣻɥᐎțȲɁȺȕɞȟᴩȫ
ȠȾȰɁௐᤇॴɥ᛻੺ȗȲɢȤȺȕɞǿ̾ஓᴩ᫖෥αհɗбʛʵʃɥɂȫɔȻȬɞ֚ఙᄑး៎ɥ᚜Ȭ
ɁȾࢿȢႊȗɜɟᴩȨɜȾɂᴩᘑୣɑȺ՘ɝоɟȹᦀފӌޙȾȝȤɞฯӦᩜୣȾɑȺᄉࠕȪȲറɥ᛻
ɞȻᴩȰɁௐᤇॴȟșȞȟȗᅺɟɛșǿȦɟɂᛵȬɞȾᴩฯȻȗșɕɁɁᴩ˰ႜɁ޴ৰȾȝȤɞௐᤇ
ॴȺȕɞȻȗȶȹɛȗǿȦȦȺɂᴩȰȦȾᄊکȬɞsinȻcosɁ̝ȷɁฯɁୣॴȾȷȗȹᴩటᝲɁَ6
ȾԴȪȹ᜔ɟȹȝȢǿsinȻcosɂȰɟȱɟȝȝɛȰඒɁɛșȽɺʳʟɁढɥȪȹȝɝᴩ
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َ±²
Ձཟ0ȾɛɞཟߦለȺȕɞsinɥ܋ᩜୣᴩ፷ߦለȺȕɞcosɥϭᩜୣȻȗșǿȦɟɂَ6Ⱦȝȗȹᴩϭ
ୣȟᅊɦ˹Ɂ፷ɥᢉȾࡿծߦለȺȕɞɁȻᴩ܋ୣȟᅊɦ˹ɁᬻڒɥᢉȾوᢆߦለȺȕɞɁȾߦख़Ȭɞǿ
ᛵȬɞȾᴩ܋ୣɂϭୣɁɛșȾ٫ኄȽ˰ႜȺɂȽȢᴩᒲࢄȻȗș࿑ႱཟɥͺґȾધȶȹȗɞɁȺȕɞ
ᴥȰɟȟ޵ᜊɥͶးȬɞᛓጨࢲᬂȺɂՁཟ0Ⱦ᤬ЫȨɟɞɢȤȺȕɞᴦǿȦɟɕᴩୣᴥϭୣȻ܋ୣᴦɁ
ᝓឧᝲᄑట᠎ȟฯȺȕɞȦȻɁˢȷɁᜳࡿȺȕɠșǿ
ǽȴȽɒȾ˧ᜏᩜୣᩜᣵȺɕˢ᜘͇ȤӏțɞȻᴩኂᐐɁߦୣᄑᒲུୣɁɬɮʑɬɁɕȻȾȽȶȹȗɞ
ߦୣɁӁܿᐐʗɮʞɬɂᴩ˧ᜏᩜୣȞɜȰɁ৊ɥीȹȗȲǿኄ෗ᄑȾ۰ԇȬɞඩईȾߦȪᴩ˹॑ᜏɑ
ȲɂяउɥᣮȪȹኄࢃᄑȾ˫țɜɟɞʬʘɿʁȟߦୣȺȕȶȲǿȰɟɂि఼Ɂяю᥂˧ᜏᩜୣᴥ1᛾
ཟᒲࢄ˰ႜᴦȾԴȪȹɒɞȻᄽᜊᄑȾɢȞɝȾȢȗȟᴩَ3Ⱦ᛻ɜɟɞя۶᥂˧ᜏᩜୣᴥ2᛾ཟͅᐐ
˰ႜᴦȻɕȗșɌȠɕɁɥᣮȬȻᴩɂɞȞȾɮʫ˂ʂȪɗȬȗᴥ˩َՎྃᴦǿȦȦȺɂᴩ޴ୣ፷ȟᄽ
ᜏ˧ᜏढɁ୵ᣃᴩȕɞȗɂ୵ᣃȟોȢяउɁߦୣᴥȕȢɑȺɮʫ˂ʂȻȪȹȺȕɞᴦȻȽȶȹȗɞɁ
ȺȕɞǿȰɟɂᴩՁқɁސ٣ɥોȢፅɒնșͅᐐ᛾፷ᴥސ٣৙ឧᴦȟጩȡҋȬ୥ུȻȪȲᒲࢄ˰ႜЅ
ᴥᒲࢄ৙ឧᴦɥ᚜Ȫȹȗɞǿ
َ±³
ȦɁȕȲɝɁᜤᣖɂᴩࠞ టᏲ᪜ᕻȊߴୣȻߦୣɁᄉ᛻ȋ15ᴦȟ۾ȗȾՎᐎȾȽȶȲȦȻɥ࿑ᜤȪȹȝȢǿ
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ፀ᝙
ǽ͏˨ᴩ৙ឧᝲɁȈୣޙኲȉȻȗșȦȻȺᴩ৙ឧɁ٣ɝ஁Ȟɜ᛻ȲୣɁю᥂ႆ਽ɥᝲȫȹȠȲȟᴩȨ
ɜȽɞ৙ឧɁюᄑך࿎ᝲЅɂඒሟȈ࿎ျޙኲȉȾΰȷȻȪȹᴩȻɝȕțȭɂటሟȾȝȗȹᴩ৙ឧᴺ஽
ᩖȻȗș۾ౕȟ᛻țȹȠȲɁȺɂȽȞɠșȞǿ৙ឧȻɂུ॒ᄑȾࠈ੔ᄑȽɕɁȺȕɝᴩȰɟȟͅᐐ᛾
ཟȻᒲࢄ᛾ཟɁऱ᤬ɥႆɒᴩୣɥୣțҋȪȹəȢǿȰɟȟ஽ᩖɁํɟȳǿȰɟɂᫌୠᄑȽୣɁґҋȾ
ߦȪᴩՁқɁސ٣ȰɁɕɁɁᣵፖॴɥಏࣄȺίȻșȻȬɞǿୣޙȾȝȤɞᫌୠȻᣵፖɥɔȣɞɬʧʴ
ɬɂᴩȦɁట᠎ᄑᝓឧഫᣲɁՕ஭Ⱥȕɞǿ
ǽȞɛșȾኂᐐɂᴩ஽ᩖȻɂȗɢəɞ޵ᜊᄑސ٣ȺɂȽȢᴩ৞ᜁᄑȽɕɁȳȻᐎțȹȗɞǿ஽ᩖɁ޴
٣ȾᩜȪȹɂᴩᑌްᝲᴩքްᝲȨɑȩɑȾȕɞȟᴩߵȽȢȻɕᴩ৙ឧᴺ஽ᩖȻȬɞȦȻȾɛȶȹᴩᒲ
ႏ৙ॖɁ఍ིȾȷȗȹɁሥࢳɁץᭉɂȤɝɥȷȤɜɟɞɛșȽ෥ȟȬɞǿ஽ᩖɁํɟɁ˹Ⱦ᛻ҋȮɞ
ུ॒ᄑȻȗȶȹɕɛȗى౓ऺȾߦȪᴩᒲႏ৙९ȾɛɞขްɁͺ٥ɂȕɝɗᴩȻȗȶȲ᭒Ɂץȗɂᴩ৙
ឧȻ஽ᩖɥґȤȹ᛻ȹȗɞȞɜᄉႆȬɞɁȺȕȶȹᴩᒲႏɕུ॒ɕ஽ᩖ৞ᜁɁ˹ȺႆȫȲΙϏകॡȺ
ȕɝᴩ޴ৰɂȈȞȢȕɞȉȻȪȞȗȗɛșɁȽȗɕɁȻᐎțɟɃᴩಏໃᄑȽȈސ٣ȉɁ̈́஁ɂ᛻țȹ
ȢɞǿȰɁȈʬʘȰɁɕɁȺȕɞɽʒȉɥ૫ȢɁȟюᄑך࿎ᝲȺȕɞǿ
ǽȦșȗȗ୐ȶȹጶɢɝȺɂȕɑɝȾᡵɕɈȲɕȽȗȻȗșտȠȾᴩɕșߵȪᛃᠴȪȹȝȦșǿ஽ᩖ
Ȼɂ4ඒЫᴥᝓឧᝲᄑȾɂސ٣Ⱦาȟɟɞͅᐐ᛾፷ᴦɥ3ඒЫސ٣ȺȕɞɢɟɢɟȟሳᩖȻɂᤏșढ
Ⱥ৞ᅺȪȲɕɁȳȻҰȾᣖɌȲȟᴩȰȦȺᠭȦɞȦȻɂሳᩖᄑȾɂུ॒ȻȗȶȹɛȗɁȺȕɞǿȰɟ
ɂขްᝲȺɕᤆ֤ᝲȺɕȽȗǿȰș᚜းȪȲȢȽɞɁɂᴩ஽ᩖ৞ᜁɥऀȠȭȶȹȗɞȞɜȺȕɞǿȰ
șȺɂȽȢᴩ3ඒЫሳᩖȾȰɁሳᩖɁᝲျȾȪȲȟȶȹ္ɗ቏஁Ͷȟུ॒ᄑȾސ٣ȬɞɛșȾᴩ4ඒ
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